Background
==========

Incidence and mortality of acute coronary events (CE) have been associated with low occupation level and being unmarried \[[@B1]-[@B6]\]. However, it is still controversial whether short-term case-fatality rates (CFR), including out-of-hospital deaths, after suffering a first CE varies between these groups. Approximately 40-60% of all coronary deaths occurs out-of-hospital \[[@B7],[@B8]\]. We have in previous studies from the city of Malmö, Sweden, reported marked differences in short-term CFR after myocardial infarction (MI) between residential areas defined by their socioeconomic circumstances \[[@B9],[@B10]\]. Annual income has also been inversely related to incidence of MI and short-term CFR in this city \[[@B8]\]. Socioeconomic differences in short-term CFR were also reported in a study from northern Sweden \[[@B11]\]. A French population-based case-control study reported higher risk of out-of hospital sudden cardiac arrest in unmarried subjects \[[@B12]\]. The reasons for these relationships are still unclear, but might be related to higher prevalence of risk factors for CHD among lower socioeconomic groups \[[@B13]\].

We used data from a population-based cohort of 33,224 middle-aged subjects, without history of myocardial infarction, from the city of Malmö, Sweden, to prospectively examine the relationships between marital status and occupation level, respectively, and incidence of CE, taking several biological and life-style risk factors into account. We also explored the CFR during the 1^st^day and within 28-days, including deaths occurring out-of-hospital.

Methods
=======

Study population
----------------

The \'Malmö Preventive Project (MPP)\' included a screening examination of the adult population in the city of Malmö, Sweden. Complete birth cohorts were invited to the screening, which was performed with the purpose of identifying high-risk individuals for cardiovascular diseases \[[@B14]\]. Between 1974 and 1984, 22,444 men, aged 27-61 years, were examined, and 10,902 women, 28-58 years of age, were examined between 1977 and 1992. Overall attendance rate was 71% (71.4% in men and 70.8% in women, range 64-78%, somewhat differing between years). Mean age was 49.7 ± 7.4 years in women and 43.7 ± 6.6 years in men. Information on non-participation in the MPP has been reported previously \[[@B15]\]. We excluded subjects with history of myocardial infarction before the baseline examination (i.e. 97 men and 25 women, respectively) according to regional or national myocardial infarction (MI) registers \[[@B16],[@B17]\] leaving 33,224 subjects. Of these, information on marital status and occupation was available for 32,857 and 32,916 subjects respectively. The health service authority of Malmö approved and funded the screening program. Incidence of cardiovascular disease in this cohort was monitored by data linkage with national registers after due approval by the regional research ethical committee Malmö/Lund, Lund University, Lund, Sweden.

Sociodemographic characteristics
--------------------------------

Information about marital status and occupation was retrieved by data linkage with the Swedish national census investigations performed in 1970, 1980, 1985 and 1990 which are total registers of the Swedish population in those years (in Swedish: Folk och Bostadsräkning FoB, Statistics Sweden, <http://www.scb.se>). Classification was carried out in accordance to the census that was closest to the date for the health examination. Marital status was categorized into never married, married, divorced and widowed. Among subjects who suffered a first CE during the follow-up, information about marital status at the baseline examination was available for 3,435 (97%) subjects.

The categorization of occupational status was based on a classification system which takes into account the educational background needed to qualify for a particular job, any additional prerequisites, the level of responsibility the job entails and the specific tasks to be performed. Occupation was categorized into high-level nonmanual workers (i.e. nonmanual work with at least six years post high-school education), medium-level nonmanual workers (i.e. nonmanual work with three to five year post high-school education), low-level nonmanual workers (i.e. nonmanual work with two years or less education post high-school), skilled manual workers (i.e. manual work and at least two years post high-school education), unskilled manual workers (i.e. manual work with less than two years post high-school education) and self-employed (i.e. entrepreneurs and farmers). Information on occupation at baseline was available in 3,504 (99%) subjects who had a first CE during the follow-up period. Of those, we excluded 181 subjects classified as \"retired\" (i.e. early retired people with disability pension or social support pension due to long-term unemployment) and \"other\" (i.e. students and housewives without classification) \[[@B5]\].

Baseline examinations
---------------------

Blood pressure (mmHg) in supine position was measured twice, after 10-min rest, in the right arm. The average of two measurements was used. Information on smoking habits (categorized as smokers and non-smokers), physical inactivity during leisure-time (categorized as sedentary or not), history of angina pectoris, stress at work, alcohol consumption and current use of blood pressure lowering medication was assessed from a self-administered questionnaire \[[@B14]\]. Subjects who confirmed doctor\'s diagnosis of angina pectoris or who used nitrates were considered to have angina pectoris. Subjects with affirmative answers to the questions \"Are you stressed at work?\" and/or \"Are you working much over-time?\" were considered having stressful work. Problematic alcohol behaviour was assessed by means of the modified shortened version of the Michigan Alcoholism Screening Test. Subjects with \> 2 (of 9) affirmative answers were considered to have high alcohol consumption \[[@B15]\]. Body mass index (BMI) was calculated as weight/height^2^(kg/m^2^).

Blood samples were taken after an overnight fast. Serum cholesterol, triglycerides and glucose was analyzed with standard methods at the laboratory of Malmö University Hospital. Prevalence of diabetes was defined as either a fasting blood glucose ≥ 6.1 mmol/L, a 2-hour glucose value ≥ 10.0 mmol/L (glucose load, 30 g/m^2^body surface area) during an oral glucose tolerance test or history or current treatment of the disease.

Follow-up and Definition of End Points
--------------------------------------

Information on morbidity and mortality after the health examination was obtained by record linkage with the national MI register \[[@B15],[@B16]\]. Death certificates used for the classification of the underlying cause of death and hospital diagnosis had been coded in accordance with the ninth and tenth version of the International Classification of Diseases, Injuries and Causes of Death (ICD). Information on emigration was retrieved by data linkage with the emigration register at the Swedish National Bureau of Statistics. All participants in the cohort were followed for mortality and incidence of CE until date of emigration or December 31, 2004. The numerator used for computation of incident CE are those who had acute MI (ICD-9 code 410 or ICD-10 code I2I) and those who; according to the death certificate, died of ischemic heart disease (ICD-9 codes 411-414 or ICD-10 codes I20, I24-25) before reaching hospital. Cause of deaths was based on autopsy in 73% of the cases (n = 1143). Cause of deaths in cases not autopsied was based on examinations in-hospital before death (n = 219), on findings from examinations outside hospital before death (n = 63), and on other sources (n = 28). CFR (during the 1^st^day) include all cases that died on the day of the CE, in-hospital or outside hospital. CFR (within 28-days) include out-of-hospital deaths and deaths within 28 days after hospitalization.

Statistics
----------

For continuous baseline variables, a General Linear Model (GLM) was used to calculate age-adjusted values for the categories of marital status and occupation. For categorical baseline variables, an age-adjusted logistic regression analysis was used. We calculated CE free survival in groups of marital status with the Kaplan-Meier method. Four categories of marital status were used with married as the reference group, and six categories of occupation level using high-level nonmanual occupation as the reference group. This method was also used to illustrate the 28-day survival after CE. Sex-specific Cox proportional hazards models were used to estimate the hazards ratios (HR) of incident CE, with adjustments for cardiovascular risk factors.

Sex-specific logistic regression analysis was used to analyze the relationship between marital status and occupation level, and CFR during the 1^st^day and within 28-days, respectively. First, the models were adjusted for age at first CE. Then, in a second model additional adjustments were made for date of first CE, biological risk factors (i.e. systolic blood pressure, blood pressure lowering medication, diabetes, total cholesterol, log transformed triglycerides, BMI, smoking, angina pectoris,) and life-style factors (physical inactivity, stressful work, problematic alcohol behaviour). Finally, marital status and occupation, respectively, was entered into the model. BMI, systolic blood pressure, cholesterol, log transformed triglycerides, age, date of first CE were entered into the models as continuous variables. Smoking, blood pressure-lowering medication, diabetes, angina pectoris, physical inactivity, stressful work, problematic alcohol behaviour, occupation, marital status were entered as categorical variables. A *p*-value ≤ 0.05 is considered to be statistically significant. SPSS version 15.0 was used for all statistical analyses.

Results
=======

During a mean follow-up of 22.5 ± 6.2 years in 22,347 men, 3,035 (13.6%) subjects had an incident CE. In women, 507 (4.7%) CE was recorded in 10,877 subjects during 19.2 ± 5.3 years of follow-up. Incidence of CE was 6.05 and 2.43 per 1000 person-years, respectively, among men and women. Among men 872 (28.7%) died the first day and another 1,007 (33.2%) within 28 days. Corresponding figures for women were 116 (22.9%) and 136 (26.8%), respectively.

Baseline characteristics in relation to marital status and occupation
---------------------------------------------------------------------

The baseline characteristics in subjects who subsequently had a CE are presented in Additional file [1](#S1){ref-type="supplementary-material"}, in relation to marital status. Never married were significantly younger than married men. Several cardiovascular risk factors showed significant differences between the categories of marital status, and the risk factor profiles were generally less favourable in men from the unmarried groups.

Baseline characteristics in relation to occupational level in subjects who subsequently had a CE are shown in Additional file [2](#S2){ref-type="supplementary-material"}. In summary, prevalence of smoking and stress at work in men were significantly higher in skilled- and unskilled workers compared to the reference group (i.e. high-level nonmanual).

Incidence of CE and short term prognosis in relation to marital status and occupation
-------------------------------------------------------------------------------------

### Marital status

Crude CE free survival in relation to marital status in men is shown in Figure [1](#F1){ref-type="fig"}. The adjusted risk was significantly increased in never married, divorced and widowed men compared to married men, which remained after taking potential biological- and life style factors into account (HR, 1.21; 95% confidence interval (CI):1.08-1.35; 1.46:1.31-1.62 and 1.74:1.29-2.34, respectively, for never married, divorced and widowed men), see Additional file [3](#S3){ref-type="supplementary-material"}. Further adjustment for occupational level only marginally changed the relationships. No similar association was observed for women.

![**Crude coronary event free survival in relation to marital status in men**.](1471-2458-10-235-1){#F1}

In men, CFR (during the 1st day) was higher in never married or divorced cases. The increased odds ratios (OR) in these groups (i.e. 2.14; 95% CI: 1.63-2.81 and 1.91:1.50-2.43, respectively) were essentially unchanged after adjustments for several cardiovascular risk factors, including occupation (Table [1](#T1){ref-type="table"}). Widowed men had also an increased risk, however not statistically significant after adjustment for age at incident CE (OR, 1.80; CI: 0.96-3.37). The relationship between marital status and CFR within 28 days in men (Figure [2A](#F2){ref-type="fig"}) was similar to that observed for CFR during the 1st day.

###### 

CFR (the 1^st^day) after first incident coronary event in relation to marital status

                                    Married      Never married   Divorced     Widowed                                                        
  --------------------------------- ------------ --------------- ------------ ------------------ ------------ ------------------ ----------- ------------------
  No. first coronary events men     2091                         362                             434                             45          
  No. deaths men                    486 (23.2)                   147 (40.6)                      161 (37.1)                      16 (35.6)   
  Men^a^                                         1                            2.72 (2.14-3.46)                2.15 (1.72-2.69)               1.80 (0.96-3.37)
  Men^a,\ b^                                     1                            2.56 (1.99-3.29)                2.01 (1.60-2.54)               1.47 (0.78-2.79)
  Men^a,\ b,\ c^                                 1                            2.14 (1.63-2.81)                1.91 (1.50-2.43)               1.49 (0.77-2.89)
  No. first coronary events women   343                          31                              104                             25          
  No. deaths women                  66 (19.2)                    11 (35.5)                       28 (26.9)                       9 (36.0)    
  Women^a^                                       1                            2.31(1.06-5.06)                 1.55 (0.93-2.58)               2.36 (1.00-5.58)
  Women^a,\ b^                                   1                            2.21 (0.98-4.98)                1.78 (1.04-3.07)               2.43 (0.98-6.01)
  Women^a,\ b,\ c^                               1                            2.32 (0.93-5.81)                1.87 (1.04-3.36)               2.74 (1.03-7.28)

Abbreviations: OR, Odds Ratio; CI, confidence interval.

OR calculated after adjustment for age at first coronary event^a^and for date of first coronary event, systolic blood pressure, blood pressure medication, diabetes, cholesterol, log triglycerides, body mass index, angina pectoris, smoking, physical inactivity, stressful work, problematic alcohol behaviour^b^and occupation^c^. The final model was based on 2772 men (738 deaths) and 437 women (96 deaths) with complete information on all covariates.

![**Kaplan-Meier curves of 28-day survival following first coronary event in relation to marital status**. Men are presented in Figure 2A, and women in 2B.](1471-2458-10-235-2){#F2}

Among women, CFR (during the 1^st^day) was higher in never married, divorced and widowed compared to married cases. After correction for biological-, life style factors and occupation the increased risk remained in those who were divorced or widowers (OR, 1.87, 95% CI:1.04-3.36 and 2.74: 1.03-7.28, respectively, Table [1](#T1){ref-type="table"}). The relationship between marital status in women and CFR (within 28-days) did not reach significance after adjustments for risk factors, (Figure [2B](#F2){ref-type="fig"}).

### Occupational level

As shown in Figure [3](#F3){ref-type="fig"}, the age-adjusted HR for incident CE was significantly higher in men belonging to all other occupational levels compared to men with high-level nonmanual occupation. Further adjustments for biological- and life-style factors and marital status did not substantially change this relationship (data not shown). A similar association between occupational level and incident CE was observed among women (Figure [3](#F3){ref-type="fig"}), however, this was not significant after correction for biological- and life-style factors (data not shown).

![**Hazard ratios for incident coronary event by occupational level in men (M) and women (W)**. Age-adjusted hazard ratios (HR), with 95% confidence interval (CI) is presented, using high-level non-manual occupation level as the reference group.](1471-2458-10-235-3){#F3}

CFR (during the 1^st^day and within 28-days) was not related to occupational level in men or women. Compared to high-level nonmanual workers, the highest age-adjusted OR for CFR (during the 1^st^day) was observed among unskilled manual male workers (OR, 1.25: 0.90-1.73). Similar findings were observed among female unskilled manual workers (data not shown).

Discussion
==========

After an average of 21 years of follow-up, 14% of the men, and 5% of the women experienced an incident CE. In accordance with previous studies \[[@B2],[@B3],[@B5]\], incidence of CE among men was substantially higher in unmarried men and in men with low occupational level. Of those who suffered a CE, about 30% died within 28 days. Both in men and women, this proportion was significantly higher in unmarried compared to married cases. This finding is in line with previous studies from US \[[@B12]\] and Greece \[[@B18]\].

Mechanisms
----------

The increased incidence of CE and increased CFR in unmarried men was independent of many biological and life-style risk factors. However, there are several possible explanations for the relation between unmarried status and increased short-term case fatality rate. Patient delay in seeking care has been found to be associated with living alone, which may influence the proportion being treated with thrombolysis and invasive cardiac procedures \[[@B19]\]. There is also a possibility for higher prevalence of other diseases among unmarried subjects/patients which might affect survival. Social support is intimately linked to marital status and the social support offered by marriage seems to exert a protective effect at least for men, in reducing incidence and case fatality rates after CHD \[[@B20],[@B21]\]. There are also studies implying that low-grade systemic inflammation could contribute to the increased cardiovascular risk in manual workers and divorced men \[[@B2]\].

Whether there are differences with regard to pre-hospital, in-hospital and post-CE treatment between marital status groups is not yet thoroughly investigated. The organization of primary care is similar across different residential areas in Malmö. By using recommended clinical guidelines one would expect similar principles for follow-up and treatment for married and unmarried men. Among patients dying pre-hospital from MI in Malmö, 72% in the low-income groups compared to 59% in the high-income group, had been in contact with the medical services within the last three months \[[@B8]\]. Whether these differences also exist between marital status groups has not been studied to our best knowledge. Studies have shown that a successful reduction of high cholesterol levels was associated with younger age and longer education in a primary health care-based programme for cardiovascular prevention \[[@B22]\]. Even though married subjects had higher cholesterol levels in that study, marital status was not associated with lipid reductions at follow-up. It has also been shown that smoking cessation rates are lower in single women and women from lower socioeconomic position (SEP) and psycho-social circumstances \[[@B23]\]. Whether unmarried subjects more often have larger infarctions or higher prevalence of left ventricular hypertrophy, known risk factors for cardiac death, remains to be evaluated. Even though there are indications that inferior SEP more often have transmural infarctions, higher incidence of heart failure \[[@B24],[@B25]\] and lower access to invasive cardiac procedures \[[@B26],[@B27]\], it is unclear whether this is true for unmarried subjects. Since most of our cases died out-of-hospital, it is impossible to collect information about these circumstances.

We found no significant relationship between unmarried status and incident CE in women. Assuming an age-adjusted HR of 1.2 (i.e. the point estimate observed in the present study) when comparing divorced and married women the statistical power in our study was only 50%. Corresponding power for men was as high as 92%. Hence, it is likely that the absence of a significant relation in women was explained by limited statistical power.

Comparison with other studies
-----------------------------

A recent case-control study of enrolees in a health maintenance organization, reported a higher proportion of unmarried individuals among cases with sudden cardiac arrest \[[@B12]\]. In that study, cases with previous MI or signs of heart disease were included and the study population comprised about 60% of patients with existing heart disease \[[@B12]\]. Similarly, in a Greek study including hospitalized patients due to an acute coronary syndrome, never married had 2-3 times higher risk of dying in-hospital or within 30-days. However, in that study patients who died out-of-hospital and patients dying the first three days in-hospital were not included and no gender-specific analysis was carried out \[[@B18]\]. In an Australian WHO MONICA study from the 1980s, unmarried men had significantly higher 28-day CFR than their married counterparts \[[@B28]\]. Most of the observed differences in that study were concentrated in the first 24 hours after onset of MI; however, cardiovascular risk factors were not taken into account.

A study from northern Sweden, including all first MI events aged 25 to 64 years, showed lower 28-day case fatality rate among manual compared to non-manual workers \[[@B11]\]. A previous study based on the same cohort, showed that male skilled and unskilled manual workers had higher cardiovascular mortality compared to high-level non-manual workers \[[@B5]\]. Absence of a corresponding relationship between occupation and short-term case fatality rate in the present study might implicate that occupational level is less important than marital status in terms of short-term CFR after a first CE.

Limitations
-----------

Some methodological issues of our study need to be mentioned. This study includes cases who according to the national MI register been registered the first time as with a non-fatal MI or who have died due to IHD. This register covers the southern part of Sweden during the entire follow-up period. A validation study from the Swedish Hospital Discharge Register showed that the diagnosis \"MI\" was false in only 5% of the cases \[[@B16]\]. It has been estimated that 25% of patients having a MI are so called \"silent cases\" \[[@B29]\] and these patients are not included by definition. Another source of bias could possibly be that we included subjects who died out-of-hospital. However, in the present study almost 75% of all CHD deaths were based on autopsy. In addition, in the city of Malmö there is only one hospital for treating patients with acute CE which is strength of this study.

Information on risk factors was only collected at baseline and we do not have information on changes in biological and life-style risk factors during the follow-up period. About 25% of the screened subjects participated in various interventions to prevent cardiovascular disease and alcohol abuse \[[@B15]\]. However, population level comparisons with non-invited groups from the city of Malmö have not shown any reduced mortality from this prevention strategy \[[@B15]\].

Assessment of occupation level and marital status at baseline, instead of repeated measurements during follow-up, however, has been shown to be sufficient in a long-term follow-up study from this cohort \[[@B5]\].

Non-participants in MPP have generally been characterized by more adverse social factors which could perhaps underestimate our current findings \[[@B15]\]. This could also possibly explain the lack of association between occupation and CFR in the present study.

Conclusions
===========

In this population-based Swedish cohort, short-term CFR was related to marital status in men and women. Our findings suggest that being unmarried increases the risk of both having a first CE and dying from the event. As this relationship was independent of many biological- and life-style risk factors it may reflect a protective effect of marriage.
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###### Additional file 1

**Risk factors at baseline by marital status among men and women who had a first coronary event**. Table showing prevalence of cardiovascular risk factors (i.e. systolic blood pressure, blood pressure medication, diabetes, cholesterol, triglycerides, body mass index, history of angina pectoris, smoking, physical inactivity, stressful work, problematic alcohol behaviour) at the baseline examination by marital status in men and women. For statistical analysis married men and women, respectively, are used as the reference group, all data are adjusted for age at screening.
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###### Additional file 2

**Risk factors at baseline by occupational level among men and women who had a first coronary event**. Table showing prevalence of cardiovascular risk factors (i.e. systolic blood pressure, blood pressure medication, diabetes, cholesterol, triglycerides, body mass index, history of angina pectoris, smoking, physical inactivity, stressful work, problematic alcohol behaviour) at the baseline examination by occupational level in men and women. For statistical analysis high-level nonmanual group in men and women, respectively, are used as the reference group, all data are adjusted for age at screening.
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###### Additional file 3

**Incidence of first coronary events in relation to marital status at baseline in men and women**. Table showing hazard ratio (HR) for incident first CE in relation to marital status at baseline in men and women. HRs are presented as initially adjusted for age at screening^a^; secondly for additional risk factors adjustment^b^; and finally also for occupation level^c^.
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